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Introduction

47
Haemophilus influenzae is a Gram-negative respiratory pathogen. The species are divided into 48 two groups depending upon the presence or absence of a polysaccharide capsule. Encapsulated Haemophilus surface fibrils (Hsf) is a major trimeric autotransporter adhesin initially 64 reported in Hib. Hsf is a highly conserved protein among all typeable strains, with a monomeric 4 fibril (Hsf) exists in all typeable strains (11-13). Although Hia has a smaller size of ≈114 kDa
70
(≈342 kDa as a trimer), these two proteins are highly homologous at their N-and C-termini with 71 an overall 81% similarity and 72% identity. Both Hia and Hsf constitute various repetitive 72 domains, which are also relatively similar in their secondary structures (9, 14).
73
Survival of Hib in the host is controlled by acquiring complement regulators to the against complement-mediated killing (15) . 88 We have previously demonstrated an interaction between Hsf and Vn (25). This binding 89 was, however, not directly proven to be involved in serum resistance. In the present study, we 90 therefore wanted to define the regions of Vn involved in the bacterial Hsf-Vn interaction, 91 investigate the role of such interaction in serum resistance and host cell adherence. Invitrogen, Stockholm, Sweden) containing 2 mM L-glutamine, 100 μg ml -1 streptomycin, and 107 100 U ml -1 penicillin.
109
Vector construction, protein expression and purification
110
The sf genes were made according to the layout described in Figure 2A . concentrated by centricon (5000 MWCO) and loaded on SDS-PAGE gels ( Fig. S3-S4 ). SDS-
135
PAGE gels were stained with Coomassie blue R250 (Fig. S1-S2 times with PBS to remove unbound protein and blocked with PBS-2.5 % BSA for 1 h at RT.
195
Vitronectin was added to wells in PBS-2.5 % BSA and incubated for 1 h at RT. For inhibition 10 μl injections of 2 M NaCl, 100 mM HCl followed by 0.05% SDS were used to remove bound
220
Vn during a regeneration step. The BiaEvaluation 3.0 software (Biacore) was used for data 221 analysis using 1:1 Langmuir model of interaction. at RT with PBS containing 2% BSA. After washings, the plates were incubated for 1 h at RT 240 with vitronectin (10-50 μg/ml) or FH (10-50 μg/ml). Subsequently, the wells were washed and 241 incubated with C5b-6 (1.5 µg/ml) and C7 (1 µg/ml) for 10 min at RT, and thereafter C8 (0.2 242 µg/ml) and C9 (1 µg/ml) were added and incubated for 30 min at 37°C. MAC deposition was 243 detected with mouse anti-human C5b-9 mAb and HRP-conjugated swine anti-mouse pAb. negative control in our assay (Fig. 1A) . In parallel, the Vn-binding capacity of RM804 PD1, 2, and 3 were also included in our study ( Fig. 2A) (Fig. 3C-D (Fig. 3C-D) . The Hsf-371 expressing E. coli had a significantly increased serum resistance in comparison to the E. coli 372 control that harbored an empty plasmid (Fig. 4A, Fig. S5A ). In agreement with previously 373 published data (25), we also showed that H. influenzae Δhsf had a significantly reduced serum 374 resistance in comparison to the Hsf-expressing wild type (Fig. S5B) .
375
To load bacteria with complement regulatory serum factors, we pre-incubated Hsf- regulators C4BP and FH was not observed (Fig. 4C ). In parallel, purified serum proteins Vn,
386
C4BP
, and FH were also tested for their interaction with Hsf-expressing E. coli. In contrast to the 387 wild type E coli, only Hsf-expressing E. coli bound Vn (Fig. 4C, lower panel) activity of serum. Importantly, this serum factor was proven as Vn (Fig. 4C-D resistance in VDS in comparison to NHS (Fig. 5B ), whereas no difference was observed in VDS 408 after 5 min (Fig. S4C) . To confirm the role of Vn, VDS was also supplemented with Vn 20-396 .
409
Incubation of Hsf-expressing E. coli with VDS at 72 and 180 nM Vn 20-396 had a significantly 410 increased survival in comparison to the E. coli control and VDS only (Fig. 5B) . Taken together,
411
our results with Hsf-expressing Hib or E. coli clearly indicated that bacteria recruit Vn from
412
NHS that inhibits the complement-mediated activity and thus enhances bacterial survival. 
Hsf-mediated vitronectin-binding results in decreased MAC deposition
414
To demonstrate that vitronectin bound to Hsf was functionally active, we determined MAC 415 deposition in the presence of vitronectin bound to recombinant Hsf using purified components of 416 the terminal pathway. The human C3 convertase regulator FH was used in parallel as a negative 417 control. As can be seen in Fig. 6A , the binding of Vn was confirmed by ELISA. Vn or FH was 418 added to wells coated with Hsf followed by addition of C5b-6 C7, C8 and C9. Deposition of
419
MAC was determined by using specific mouse anti-C5b-9 mAbs. Vn (50 μg/ml) inhibited 420 formation of the MAC by 34% when compared to samples without Vn added (Fig. 6C ). Addition
421
of 60-300 nM (10-50 µg/ml) FH showed a minor interaction with Hsf (Fig. 6B ). This interaction
422
was not observed when we added 10 nM FH to the Hsf-coated wells (Fig. 4D) . In contrast,
423
MAC deposition was not inhibited when FH was supplemented (Fig. 6C) . These results clearly
424
showed that Vn bound to Hsf was functionally active and inhibited MAC formation and 425 deposition.
426
The level of serum resistance of H. influenzae RM804 and the corresponding Hsf- comparison with the Hsf-deficient mutant (Fig. 6D) . In addition, H. influenzae RM804 and the
432
Hsf-deficient mutant were also analyzed in TEM after 10 min and 15 min incubation with NHS.
433
Here, H. influenzae RM804 Δhsf had a markedly increased MAC deposition in comparison to the 434 Hsf-expressing wild type H. influenzae RM804 (Fig. 6E) . We also tested MAC deposition on our (Fig. 6F) . Moreover, the TEM revealed that a lower amount of the MAC was 437 deposited on the E. coli surface expressing Hsf in comparison to E. coli transformed with an 438 empty vector only (Fig. 6G) . Taken together, our data indicated that Vn bound at the surface of 439 bacteria via Hsf, was functionally active in inhibiting MAC and therefore contributed to serum 440 resistance.
442
The Hsf-dependent interaction with vitronectin increases H. influenzae adherence and WT or Δhsf (Fig. 7C ).
457
To further investigate whether Vn play a role in Hsf-mediated adherence to epithelial higher number adhered to cells as compared to the mutant devoid of Hsf (Fig. 8A) . In contrast to 460 the Δhsf mutant, significantly enhanced adherence/ invasion of RM804 WT was observed at 461 increasing concentrations of Vn (2 and 4 μg) (Fig. 8B) 
